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© Apparatus and method for passing two fluids simultaneously through an analytical flow 



© Apparatus and method for lha precisely controlled and 
coordinated supply of sample (96) and sheath stream (70) 
fluids to a sheath stream flow call (12) comprise a positive 
displacement differential pumping means (14) which are 
operable to ensure consistent sample and sheath stream 
fluid die meters, velocity and volume flow conditions within 
the flow cell, thereby maximizing the accuracy and repro- 
ducibility of successive analyses. The pumping means may 
comprise a differential piston (30) working in a cylinder (28), 
where by one side (36) of the piston positively pumps one 
fluid (70) to cell (121 whilst simultaneously aspirates both 
fluids from the flow cell. 
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APPARATUS AND METHOD FOR PASSING TWO FLUIDS 
SIMULTANEOUSLY THROUGH AN ANALYTICAL FLOW CELL. 



/ This invention relates to a method and apparatus 

for passing two fluids simultaneously through an analytical 
flow cell. More particularly , the invention relates to a 
volumetric pumping apparatus and method for the precisely 

5 controlled and coordinated supply of sheath stream and 
sample fluids to a sheath stream flow cell for sample 
analyses, which are especially useful for high-speed 
automated biomedical analytical systems. 

Although prior art apparatus and methods are 

10 known for the supply of sheath stream and sample fluids 

to sheath stream flow cells, none of these accomplishes 

\ 

these functions in a precisely controlled and coordinated 
manner. In many instances, these prior art apparatus and 
methods utilize peristaltic pumping to supply the sample 

15 fluid stream to the flow cell. This is disclosed, for 
example, in United States Patent 3»7^*1^3i wherein 
peristaltic pumping is used to supply a series of diluted 
blood samples to a sheath stream flow cell for white blood 
cell differentiation and counting. We have found that 

20 this arrangement leads to less than optimal accuracy in 
cell differentiating and counting due to marginal 
variations in the peristaltic pump roller and pump tube 
dimensions, which cause variations in the diameter, velocity 
and/or volume of the sample fluid stream through the flow 

25 cell* Since separate pumping systems are used (the sheath 
stream fluid is pressure pumped from a constantly 




preaaurized ioutci in U.S. 3i7to,*13), variation! in 
the essential aheath-aample fluid atrearaa flow and volume 
ratios can alao occur, to further reduce sample analysis 
accuracy. In addition, peristaltic pumping requires 
5 frequent and precise calibration, and the relatively long 
lengths of peristaltic pump and supply tubing markedly 
increase the potential for sample carryover. Carryover is 
defined as the contamination of a succeeding sample by the ■>■ 
residue of a preceding sample resulting in loss of accuracy. :^ 
10 Further, peristaltic pumping, which operates by the 

occlusion or squeezing of the pump tubes by the pump rollers, 
can and does result in damage to the integrity of cells ^ 
or like sample fluid particles to further reduce accuracy. . fe 
^ Although more current efforts have been made to 

15 -remedy some of the above-deacribed problems through 

utilization of separate, finely calibrated periataltic P««P|g 
for each of the sheath atream and aample fluida as des- 
cribed, for example, in the pimer HYDRODYNAMICS OF ^ 
CONCENTRIC PERISTALTIC LAMINAR FLOV OF TWO DIFFERENT FLUIDS ^ 
20 G.A. Farrell and I. Beretaky, M.D., presented at the • 
March 23, 1973 meeting of the American Association For 
Medical Instrumentation at Chicago, Illinois, these efforts^ 
have not proved fully satisfactory, eapecially in increasingly 
aophiaticated automated biomedical analytical ayatema. ^| 
25 Other apparatua and methods are known for the i&j 

supply of sheath stream and aample fluida to a sheath stress^ 
flow cell. For example, those disclosed in United States 5| 
Patent 3,66l,460 use a combination of gravity feed, S 
peristaltic pumping and vacuum pumping, requiring liquid 
30 trap, pressure regulation, pressure gauge, and needle 

valve or other flow reatrictor meana, to thoae enda. These*^ 
apparatua and methods can be difficult to calibrate and 
tend not to remain calibrated. 

In unrelated field* of endeavour, double-acting 
I 35 reciprocating pumps having different effective pumping 



0101161 

^ - 3 - 

2,025,1^2, 2 f 6i3,607, 3,205,825 and 3,713,755 wherein 
such pumps art disclosed in conjunction with the cooling 
of (as cofflprtsaon, the bellows pump-proportioning of 
high-pressure fluids, the proportioning of fluids for 
beverage dispensing, and the thrust piston motor means- 
driven conveyance of fluids, respectively . 

Clearly, none of these uses is relevant to the 
teachings of the present invention, vhich particularly 
adapt the basic concepts of differential, double-acting 
pumping to the precisely controlled and coordinated supply 
of sheath stream and sample fluids to a sheath stream 
flow' cell. 

We have now devised an apparatus and method for 
the precisely controlled and coordinated "supply of sheath 
stream and \ sample fluids to a sheath stream flow cell for 
sample fluid analyses, with a view to maximizing the 
accuracy of those analyses •> 

According to the present invention, there is 
provided apparatus for the positively controlled and 
coordinated supply of first and second fluids from re- 
spective sources thereof to sheath stream flow cell 
analysis means which include a sheath stream flow cell 
having inlet means and outlet means, which apparatus 
Includes differential pump means operatively associated 
with said sheath stream flow cell inlet and outlet means 
and with the respective sources of said first and second 
fluids, said differential pump means being operable to 
pump the first of said fluids from its source to said 
sheath stream flow cell inlet means for flow through said 
sheath stream flow cell, while concomitantly aspirating th 
second of said fluids from its source through said sheath 
stream flow cell inlet and outlet means, and the first of 
said fluids from said sheath stream flow cell outlet means 
for concomitant coordinated flow of said first and second 
jfluids through said sheath stream flow cell. 
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Th. mention .1.. provid thod f.r th. J« 

»..itiv.Xy eontroXX.d «d coordinate .uppXy of «** «d ^ 
po.ltiv.XX ,.„. ct iv. .ourc. th.r.of to .h..th 

■•cond fXuld. from rospectivo s ! ' 

J fXon.ll having inl.t and outl.t ..an., «« -tnod ««- ;f 

fXOw c.lX' outX.t for c.nco^t-t ..oordlnat.d flow 

L.t .nd ..cond fluid, through ..id .h.ath .tr» «ov^ 

l5 in on. pr.f .rr.d «bodi«nt of th. inv.ntion, . 

ooubX. noting Piston W -.an. i» h " lnS i P, '" P ^ ^ 

T-b.r. of diff .rent cap.eiti.. to ^^"^^wW 
" th atTsam fluid to th. flow c.ll inl.t «t a fir* fX«w 

-o-itLtxy - « t "^Ir 

*> fluid, frp» th. flov «11 outX.t at . ...ond fXow 

"hli^n g th. flow rat. of th. .-pi. ^ ^ 
*...«> Mr.- now ..11 th. diff.r.n« b.tw.an th. 
fXow r.t. and th. first flow r.t.. Th. pu»P pi.ton i. • «^ 
".f.r.bX, ariw- .* "n.tant Xin.ar v.Xocity by c.nn.ct.^ 

25 Un.rII.tor driv. -.an. to provid. for th. conrfancy ;? | 

D.t.cting »«ana, for d.t.cting . pr. ^ 

of th. .ampl. fluid. .. th. i. through th. fle^ 

..Xx" ar. Pr. f -ably controlX.d in ph... with th. po.itio^ 
JO of th. pump Pi.ton in th. pu.p cyiind.r. - 
Th. appar.tu. and *.thod of th. inv.ntion ar. ^ 
particuXarly u..fuX for .upplying. in turn ">"^ l ^f 
P volOT .. of ..ch of a «ri.. of liquid ^^^^ 
»r.ci..ly coordin»t.d volum. of a .h.ath .tr.aa Xiqul 
I „ flow c.ll with -im.1 .-PL carryov.r. -d «- .PPll«*g 




In high-speed, automated biomedical analytical systems. 

In order that the invention may be more fully 
understood, one embodiment thereof will now be described, 
by way of example only, with reference to the accompanying 
drawing which la a generally schematic diagram of a 
5 volumetric pumping apparatus in accordance with the 

SI 

invention depicted in operating relationship with a sheath 
stream flow cell* 

Referring now to the drawing, volumetric pumping 
/apparatus constructed and operable in accordance with the 

10 teachings of this invention is indicated generally at 10, 
and is depicted in operative relationship with sheath 
stream flow cell as indicated generally at 12. Apparatus 
10 comprises pump means, indicated generally at l4, which 
operates to supply the sheath and sample fluid streams to 

15 the flow cell 12. Pump drive means are indicated generally 
at 16. 

The sheath stream flow cell 12 may, for example, 
generally take the form of that disclosed in United States 
Patent 3,66l,460, cited above, to which reference should be 
20 made for further details. Flow cell 12 comprises a 

housing l8 and flow chamber 20, with the former including 
a sample stream inlet 22, sheath stream inlet 2k t and a 
mixed stream outlet 26. Although not, per sc r forming part 
of this invention, it may be understood that the sheath 
25 stream flow cell 12 brings the sample and sheath streams 
introduced at inlets 22 and 24, respectively, together to 
form a pair of concentric, substantially unmixed streams, 
with the sample stream at the center. Detecting and 
counting means 27 is operative to count and size particles 
30 per unit volume of the sample stream as the ensheathed 
stream flows through flow chamber 20. Precise control 
of the velocity, stability and diameter of the sample 
stream provides for a precise counting and sizing process. 

I 
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Pump fflttns 1% comprises a double acting, 
differential piston pump vhich includes a pump cylindei^§|pp 
28 having closed ends, and a double acting piston 30 eC^^'c 
• diameter D reciprocatable therein. Piston rods 32 sjid^ig^' 
5 of different respective diameters Dl and D2, vith Dl 

being greater than D2, extend from opposed piston faces *3$£ : -,i 
and 38 through the opposite ends of pump cylinder 28. : 
With piston 30 centrally positioned in pump cylinder 28,Jg ^ 
pump chambers kQ and 42'have different volumes Vl and V2^£: 
10 respectively, vith Vl being smaller than V2. Different :': 
pumping capacities are thus provided to opposite sidaa^pfjgy 
piston 30. Such different pumping capacities result frost v' 
the difference in the effective volumes of chambers kO and 
42 due to the difference in size (volume) of the coxmect^Lng 
15 rods 32 and 3%, respectively disposed therein. Equivalent 
modes of creating this difference in volume are possible. 

Sheath fluid inlet/outlet hk communicates with 
pump chamber k0 t and inlet/outlet 46 communicates vith 
pump chamber 42. Accordingly, first and second, volu- 
20 metrically different albeit precisely coordinated pumping ; : 
sections are provided within pump means 1%. yftph 
As depicted in the drawing, the pump drive meaJM 
l6 comprises a double acting fluid driven linear actuatoir^i 
which includes a drive cylinder 48 having closed ends* • 
25 a drive piston 50 reciprocatable therein. A piston rod^S^v ,.>■: 
extends from piston 50 through an end of cylinder 48 • 
link 54 connects the respective ends of actuator piston ;J»d . 
52 and pump piston rod 32. Inlet/outlets 56 and 58 •Fj^^i^ 
provided at opposite ends of drive cylinder 48. A soX^^^'..^ 
30 operated control valve 60 is operative through conduita^M 
62 and 64, and drive cylinder inlet/outlets 56 and 58, 
control the supply of pressurized drive fluid from a non- 
illustrated source along conduits 62 and 64 alternatively to 
inlet-outlets 56 and 58 as shown, and simultaneously to alter 



distance I. 

Sample, reagent and wash liquid .upply mean. *r» % 
indicated generally *t 94. ud compri.e a reaction chamber 
to which .ample «d r«g«t fluid. are .upplied through M»plii^^ 

, and reagent inlet conduit 9S fro- .ample end reagent .upplier • . 
100 which may take any known for. appropriate for u.e with 
automated .ample analysi. .y.tem.. Reaction chamber 96 include, 
a drain conduit 102 extending downwardly from the chamber bott^ 
to vacuum, and a .olenoid operated valv. 104 i. di.po.ed in draiB^ 

10 conduit 102 and i. operable to permit or prevent flow th.r.th|0||| . 
A reacted .ample inlet conduit (8 connect, drain conduit 102 £*jgj | 
above valve 104 to .ample i»Ut 22 of the flow cell. ^gg| 

X constantly pres.urised wa.h liquid reservoir i. | 
l5 ' V indicated at 106 and is effective to .upply wa.h liquid to 
to reaction chamber 96 through wa.h liquid inlet conduit 108. 
A .olenoid operated valve 110 i. di.po.ed in conduit 10. 
is operable to permit or prevent flow therethrough. : ' 

20 A controller i.-indicated schematically at 111 "* 

operable through connector. 112, 114. 116. 118. 120 and 122^^p..^ 
to control and coordinate the respective operation, of .ampU : ^ | 
and reagent supplier 100. .olenoid controlled valve, 110. ^ ? 

and 60, .tart and .top count detector. 86 and 88. and detecti*^^ 
25 and counting mean. 27, respectively. ' 

A representative application of the apparatus u| 
M «hod of this invention is the counting and siring of white 
blaod cell, in a serie, of diluted blood .ample, a. ere 
ir. turn, with an appropriate reacent quantity, to the r..ct^ ?; |^ M 





chamber 96 by sample and reagent supplier 100 in timed sequence 
with overall apparatus operation as determined by controller 111. 
As generally described, en appropriate quantity of at least one 
sample. *nd appropriate quantity of sheath straw fluid ax. 

5 pumped fro* reaction chamber 96 and reservoir 70 through the , 
flow cell 12 for white dell counting and siring by movement of 
pump piston 30 fro. the right-most to the left-most limits of 
tt. stroke in pump cylinder 28 a. seen in TIC. 1. The remainder 
of that sample in reaction chamber 96- is then emptied therefrom. 

t J and a wash liquid and the succeeding sample and reagent quantities 
are supplied thereto in that order. Conversely. movement of ; 
pump piston 30 from the left-most to the right-most limits of 
its stroke in cylinder 28 as seen in FIG. 1 is effectlv. to fill 
' pump 14 with sheath stream fluid from reservoir 70. and pump 

15 the previously analyzed sample and sheath stream fluid quantities 
to waste. 

More specifically, with pump piston 30 at the right- 
ist li«it of its stroke', pump chamber 40 filled with sheath 
20 stream fluid, reaction chamber 96 containing an appropriately 
reacted quantity of th. next sample to be analysed, and valves 
104 and 110 closed as directed by controller 111. it will be 
* clear that actuation of solenoid 60 by controller 111 to reverse 
„ pump drive means 16 will operate to commence the drive of pump 
piston 30 at constant velocity V to the left. Accordingly, the 
sheath stream fluid in now contracting pump chamber 40 is 
.pumoed out at a constant flow rate 01. through sheath fluid 
inlet/outlet 44. conduit 75. junction 79. and branch conduit 74 
30 • into sheath stream flow cell inlet 24 for flow through the 
flow cell 12. Concomitantly, the now expandin; pump chamber 
;2 aspirates at a constant combined flow rate 02 both the 
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t fluid fro. reaction chamber ,«--throu,h drain 102. 
lit «. flow ell U-U «- fl °" " U "* 

tlw c.U outLt ». =oM«lt .1«U- .1. — 

c.U outl.t »« thro^k conduit 71. ]•> ,«Mg : ; 5 

flow cell 12 is lik«wi». precisely controlled. ..ijgfegi 
through the flov ceil n * ■ . «w..^-^lfe* 

v .«.ctive flo- rate, of the s*«pU •** » h ** th i«- *■* 
Accordingly* the respective now 

K flow en 12 «e precisely controlled . 
, fluid, through the flow cell 4 w herein^* 

i*ted vith the formation as described her«inrtay|^. 



\ 
15 



in the flow cell of the concerns* ..r-^£-- 

.naivsis of the former. ? : 

and sheath streams for analysis o 



„ <K1 . , ht ,th stream and sample £l«14i« 
Hith incompressible sneawi 

~~i«.iv defined by the following 
flow rate. Ql «* « «• P^ 1 ** 1 * ''""^ * 

•quationst 

Equation 1: Ql-Vilip2=2li> . 



20 



Equation 2: ^-V*!^^ 




25 



it «,t t .ll=- that 01 1. «• "* — "» 

equation* 



Equation 3: Q2-Ql-Yl!:CDl 2 -D2 2 > 



30 



1 



\ in., illustrated and described. thf| 
In apparatus 10 as iiiusw ^^rcysy- 

. k «h.ath*stream fT.uid froo *^ggtfc& 
constant flow rat. QSU of th. sheath «tr 

TO into and through tho ^low c.U 




- 11 - 



~01. ^1. th. flo. r.t. OS of th. .»Pl. Urn r..«voir .« 

1-to and th»»,h th. tl« "11 12 1U •!« b. con.Unt »d 
Fr ,-i,.l, .,-1 » th. diff.r.nc. b.t-.« 02 «d.01. Thu. -ill 
b. =1.« th.t . pr.=l..ly control diff.r.nti.1 P-plr,, 
, .rr„,»»t 1. provided for by th. «ttlU.U. » ."crib* of 
doubl. «ctin, pu»P 2». 

r.l.tlv. dl.po.ltlon. .« ~tX » P»P Pl»«» 
„d 3« «d th. .u« ~»nt *.t.=tor « «• '".rain- «ch 

10 th.t one. . MO .«« condition -of. th. .»«th-.^l. ««" 

throng fl» d-ri-r 20 1. r..cb.d. « ««crlbrf 
• .bov.. th. X.tt« control. d.t.ctl», «nd countin, «•»• » « 

conm«c. «h. countin, »d .Ul», of th. .hit. blood c.ll. l» . 
tn. dilutrf .nd r..ct.d blood W l. P«.m« »~ 
« ch^er 20. Th. op.r.tio. of d.fctin, «d countin, 27 
contino.. until «r* ». »nd .ccordinjly th. pu*. pl.ton. b.« 

th. diitnnc. L to th. l.ft. vh.r.upo. top count d.tector 
„ d.t.ct. luxfc 32 .nd inhlblt.'d.t.cUn, «d countin, ..- 27. 
According. «U countin, «d .ixin, l« <« ' 

,0 cntrolLd. .nd r..dily r.produclbl.. v.lu.. of .»pL 

-v *i iw stoD count detector 88 it 
Th« d«tection o£ mark 27 by «top 

tMlllif in. to op«n velve 104 to 
also effective through controller lii. *-» 

rapidly drain th. remaining, react- .ample fluid fro, reaction 
„ chanber S« to vacuum through drain conduit 102. *s • result. 
. s.gment of air i. aspirated fro. the now empty reaction chamoer 
96 through drain conduit 102. conduit 68, flow c.ll inlet 2. 

w v . ™ to in combination with th. sh.ath 
and th. flow chamber 20 to, m cow 

. «-« flow as described through the 
•cream fluid which continues to flow as 

, n , t),. -Bsidu. of the simple 
30 flow cell 12. con.rn.nc. th. r.nov.1 of the 

csnrtlv thereafter, with F-"-" 
fluid from the flew chamber 20. Shortly 




,. continue it. drlvn to th. l.ft « d..crlb*d. 

cohtroll.r IU U .««ti.. « «lv. U. -ith «h. «ult 

th.t v..K llould vlll b. pr...ur. P»P«i ««- "» 1 ™ lr l " . 

.hrouch conduit 1.. to th. r..ctio. eW—r .* to v-h th. 
, r „idu. of th. ..npl. fluid tl.er.fto.. I» .dditi... »~ of 

tM. v..h liquid -ill b. ..pir.ted fr- th. r-ctloK cb»b.r » 

„ d..=rib.d to «d through th. flo- c.11 1* to r-o,. 

ftaU r..idu. fro. th. r.l.v«t portly of dxUn eood.it 102. 

conduit «. .ri flo- =.U inl« « .nd. in cort.in.tioo -1th th. 
, 0 ,h.«h .tr«» fluid -hich continu.. to flo- throu* th. flo- 
c.ll. continu. .«Pl« r..idu.- r»o«l fro. th. flo. 

chamber 20. 

, thi. remov.l of .»pl. fla« «•«-• or -..bin, .=tion. 
15 conU J-with .tt.nd.„t minUU-tio. of ««U fl»id c-rryovcr- 
until pump pi.ton 30 «... t. th. Uft-0" »-» " l» 
in pu»P cylinder JB; whereupon cbntr.ll.r 1U op«.t.. »1« .0 
„ .,.in r«ver«. th. direction of »6.««.t of orive " 
„ cconenc. th. Lft-to-riaht .tro*. of P-p pi«o. 
*0 occur.. controll.r 111 oper.t., to do- ~1~. 1» "« * 
that order to ...ur. th.t .11 -«b IK** i« 

t ,.ctio. ch»b« «. •»<■ .ub..o«.ntly direct, ud .»pU 

• m,.nt4tin of the succeeding 
supplier 100 to supply appropriate quantities or 

saap l« and reagent to reaction chaaber 96. 
25 Th. left-to-right .tro*. of pu*p pi.ton 30 U f feti" 

„ aspirate .heath fluid fr- r«.rvoir ,0 into expanding 

pUB p chafer 4. through conduit 72. function 79. conduit 75 and 

^mifintlv punning the ctncningled 
• * «. *> i - r ai- while concern tantxy p^.* » 
pu^tp inlet/outlet, «*# 

» ,h..th .«.» end «.= .«* ,.»pL nuid. fro, eontr.c-.in,- 

ch^« .1 to «..t. E u»P inl.t/ou tl .t «. conduit ». 

,«tl- .1 conduit » • "-I-- ^ «.«- •« ^" 



p , lwrM to th. ri,!.t-»o.t li.lt .f if .«<*. in cyli» d .r 
IB -ill »ue. th. .PP.»tu. 10 in «n41tt« for th. n«t c,cl. of 
„=pl. op«.tlo» » i..=rlb.i. Thi. op.r.tlon continu.. 

a, d«,=rlb.d until .11 of th. dll»t.d blood .«?!.« l» th. wpt. 
, .«ri.. of lnt.r.,t h.v. h.« flo-ic « o..etib*d thrown th. 
•heath fl~ c.ll M for c.U counting and .irtaS. 

• * 

By th. tbov is believed mad. clear that the particular- 
ly significant advantage, of the novel .apparatus end method 
l0 inlcud. each of the following in full accordance with the 
heretofore stated objects of thi. invention: 

(a) Pr.ci.ely the «ame readily reproducible volume of 
each of th. .ample, i." flowed through .heath .tream flow c.U 12 

t, attendant each operational cycle of the detecting and counting 
27x 

(b) Preci.ely the same volume of .heath .tream fluid 
i. f loved through the .heath .tream flow cell 12 attendant each 
ooerational cycle of the detecting and counting mean. 27, thereby 

20 precisely coordinating the sample-sheath stream fluid ratio for 
each of the samples; 

(c) The respectively uniform .ample and .heath .tream 
volume, of (a) «nd (b) are flowed through the .h.eth stream flow 
„ cell 12 at precisely the same velocity, thus resulting in 
precisely the .erne stable sample fluid .tream velocity and 
diameter, and .ample particle velocity, through th. flow cell 
for each of th. .ample, with attendant maximisation of com- 
p.tibilitv between the operational characterise, of th. sheath 
30 .treem flow c.ll 12 and th. partici. detecting and counting 
ceans 27; 



I 
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(d) Damage to the sample fluid ptrUdti of interest 
i. minimized (particularly significant with regard to reletively 
fragile particle. ««ch a. whit, or red blood ceils) because the 
•ame are aspirated rather than positively pumped from sample 
reservoir 66 to and through sheath stream flow cell 12; 

{•) Sample carryover is reduced due to the significant- M^^|;'^; 
ly reduced length of .sample fluid conduit 68. the flow cell- 
purging effects of air segment, wash liquid and sheath fluid 
flow through flow cell 12 immediately following operation of 
stop count detector means 88 by mark 92. and the flow cell- 
purging effect of sample-sheath stream fluid flow through flow 
cell 12 for each succeeding sample prior to operation of start 
count detector means 86 by mark 92; 



15 




20 



25 



(f) The need for, and complexity of. apparatus 
calibration is substantially reduced due to the inherently stable 
operational characteristics of the. double acting pump means 14 -^HH* 
and the pump drive means 16; 

<g) The rate of sample analyses (as limited only by 
the operational characteristics of the sheath stream flow cell 
12 and the particle detecting and counting means 27) is 
significantly increased due to the excellent high speed operation 
al characteristics of the pump means 14; and 




(h) Particular ease of precise and consistent ad- 
justment in sample fluid velocity and sample fluid volume through v ||^, 
the sheath stream flow cell 12 during operation of the particle 
counting and detecting means 27 a. may respectively be readily 
30 accomplished by adjustment in the. pressure of the fluid which 
• drives linear actuator means- 16, and by adjustment in the 
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distance L between th. -tart and .top count detector 

Beans 86 and 88. 

All of the abova combine to provide high 

accuracy, consistency and reproducibility of the sample 
analysis results. 




mm 



f 
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CLAIMSl 

1 Appar.tu. for tb. po.itiv.ly controll.d and 

coordinated ..uppl, of fir.t and .econd fluid. f re- 
spective source, thereof (70.96) to .h.ath .tree- 
flow cell analyst, mean, ^bieb include a .h.ath stream 
5 f lo- cell (20) having inlet mean, «*.«.) end outlet mean. 

(26). which apparatus include, differ.nti.1 pump mean. 
■ (H) operatively a..oci.ted with ..id .he.th .tr.a» flow 
cell inlet and outlet mean, and vith the r.^e.tiv. 
.cure of .aid fir.t and .econd fluid.. ..id differential 
10 pump -can. being operable to pump the fir.t of 

fro- it. aourc. (70) to .aid .he.th stream flow "11 tal.t 
means for flow through ..id sheath .trea. flow cell, while 
concomitantly .pirating the .econd of .aid fluid, from 
it. source (96) through ..id .heath .trea- flow cell Inlet 

a first of said fluids from said 
15 and outlet means, and the first ox 

sheath stream flov cell outlet means, for concomitant 

% coordinated flow of said first and second fluid, through 
aaid sheath stream flow cell. 
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2 Apparatu. according to cl.im 1. -herein ..id 

sheath stream flow cell analy.i. mean, further include 
detecting mean. (27) oper.tively ...oci.t.d with .aid 
.heath stream flow cell and operable to detect predeter-in.^ 
characteristic, of on. of ..id fluid, a. the .am. i. 



25 



30 



flowed through said sheath stream flow cell, the apparatus 
further comprising detecting means control means (HI) 
operatives associated with said differential pump 
m eans and operable to control the operation of said 
detecting means in accordance with the operation of said 
differential pump means. 



j Apparatus according to claim 1 or 2 -herein ^gg^ 

.lid differential pump mean, are operable to pump the fir.t 




of said fluids to said sheath stream flow cell inlet 
means at a first flow rate, and to concomitantly aspirate 
the first and second of said fluids through said sheath 
stream flow cell inlet and outlet means at a second, and 
greiater, flow rate whereby, the flow rate of the second 
of said fluids through said sheath stream flow cell will 
be equal to the difference between said second and first 
flow rates, respectively. 



10 k. Apparatus according to any preceding claim wherein 

said differential pump means comprise a positive dis- 
placement pump • 



5 # " Apparatus according to claim 1 or 2, wherein 
15 said differential pump means comprise a double acting 
piston pump which includes a pump cylinder (28) and a 
pump piston (30) reclprocatable therein and. dividing the 
same into first (40) and second (42) positive displacement 
pumping chambers, with the first of said pumping chambers 
20 being operable to pump the first of said fluids therefrom 
to said sheath stream flow cell inlet means, and the 
second of said pumping chambers being operable to 
concomitantly aspirate the first and second of said 
fluids through said sheath stream flow cell inlet and 
25 outlet means into said second pumping chamber. 



6 # Apparatus according to claim 5, wherein said 

pump piston comprises opposed piston faces (36,38) of 
different effective areas, with the effective area of the 

30 piston face (36) for said first pumping chamber (k0) being 
less than the effective area of the piston face (38) tor 
the second (k2) of said pumping chambers vhereby , . said 
second pumping chamber will have a greater pumping capacity 
than the first of said pumping chambers, vhereby said first 

35 pumping chamber is operable to pump the first of eaid fluldi 
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to said sheath stream flow cell inlet means at a firet 
low rate, and the second of said pumping chambers ia 
operable to concomitantly aspirate the first and second 
of said fluids through said sheath stream flow cell 
inlet and outlet means at a second, and greater, flow 
rate whereby, the flow rate of the second of said 
fluids through said aheath stream flow cell will be equal 
to the difference between said second and first flow 
rates, respectively. 

7. Apparatus according to any preceding claim, 

further comprising drive means (l6) operatively associated 
with said differential pump means and operable to drive 
the same at substantially constant linear velocity, 
whereby said first and second flow rates, and the flow 
rate of the second of said fluids, through the sheath 
stream flow cell will respectively be substantially 
constant. 

20 8. Apparatus according to any preceding claim, vhic^ 

is arranged so that the first of said fluids is a sheath 
stream liquid, and the second of said fluids is a sample 
liquid for analysis fey said sheath stream flow cell analysis 
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means. 
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9V A method for the positively controlled and co- 

ordinated supply of first and second fluids from respec- 
tive sources thereof to sheath stream flow cell analysis 
means which include a sheath stream flow cell having 
inlet and outlet means, said method comprising the 
steps of differentially concomitantly pumping the first 
said fluid 'from its source to said sheath stream flow 
cell inlet means for flow through said sheath stream 
flow cell, and aspirating the second of said fluids from 
its source through said sheath stream flow cell inlet and 

„d the first of said fluids from said sheath 
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flow of .aid fir.t and ..cond fluid. throu f h ..id .h.ath 
stream flow cell* 

10 . A method according to clai- 9, vh.r.in th. 

fir.t of .aid fluid. i« pumped to .aid .h.ath .tr.am 
flow cell inlet means at a fir.t flow rat., Mid the 
fir.t and .econd of .aid fluid, ar. concomitantly 
aspirated from .aid .heath .tream flow cell inlet and 
outlet mean, at a .econd, and greater, flow rate whereby 
th. flow rate of th. .econd of .aid fluid, through .aid 
sheath .tream flow cell will b. equal to the difference 
between .aid .econd and fir.t flow rat.., reap.ctively. 
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